ABSTRACT − In this study, we examined the friction characteristics of a dimple pattern on a carbon nitride coating. The study was conducted with a hexagonal array 40 µm dimple pattern on a steel bearing containing a CNx coating. The area density of the dimple patterns were varied between 5% and 25%, the speed was varied from 0.06-0.26 m/s, and the load was varied between 20-100N. In general, we found that as the velocity increased, the friction coefficient increased. Furthermore, the friction coefficient was lowest at a load of 40N. The friction coefficient of the non-coated specimen was 0.025-0.15; on the other hand, the friction coefficient of the coated specimen was 0.002-0.02. Thus, we determined that the coated materials could reduce the friction coefficient by a factor of 7.5.
Introduction
Surface texturing, which has been used since the 1940s, is one of several methods employed to reduce friction in tribology [1] . In addition, surface texturing is utilized to improve the friction and performance of devices by machining the surface through chemical or mechanical-varied methods.
Recently, studies have been conducted specifically in the contact area within the pattern mode. This has been accomplished by developing semi-contact material processes. A nano pattern on a silicon wafer was found to reduce friction during the sliding contact motion. It is well know that technology has been developed to decrease the friction coefficient and seizure on the SiC ceramic material by a micro dimple pattern that uses a razer.
The mechanisms of surface texturing can be dependent on wear particle trapping, lubricant reservoir, and hydrodynamics. The improvement of the tribological performances with dimples is attributed mainly to the fact that dimples on textured surfaces may play a role as lubricant reservoirs, increasing the thickness of the lubricant film between the mating surfaces, thereby decreasing friction. In addition, the dimples also serve as pockets for wear particles embedment, preventing debris from further damaging the substrate surface via plowing [2] . However, the texturing depends on the size, area density, and depth of the pattern, even when each theory was reasonable [3, 4] . Therefore, there has not been adequate research on surface properties after surface texturing. In this study, we analyzed the friction coefficient of a 40 µm surface dimple pattern. The mechanism of surface texturing was determined to be based on wear particle trapping, lubricant reservoir and hydrodynamics. While previous studies have shown to be informative, these studies were dependent upon the area density, depth, and dimension of the pattern. Thus, there has not been sufficient research on surface texturing [5] [6] [7] [8] [9] .
In this study, we investigated the friction coefficient in a 40 µm hexagonal array Micro-scale dimple pattern within CNx coating.
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Testing Method and Test Piece
The pin specimen was a steel bearing which was 4 mm in diameter and 2 mm in thickness and the surface of the micro-dimple pattern was the CNx coated. The CNx coating, as shown in Table 1 , had a thickness of 100 nm. Fig. 1 shows the SEM image of the dimple pattern material with CNx coating before the test was performed. As shown in Table 2 , the area density was ranged from 5-25% and the velocity was ranged from 0.06-0.26 m/s during testing. In addition, the load was varied between 20 and 100 N. Fig. 2 shows the pin-ondisk type friction test system. Fig. 3 shows the relationship between the friction coefficient and the velocity at different densities of the CNx coated micro dimple pattern material. When the velocity was less than 0.15 m/s, the maximum friction coefficient occurred, and the area density of the material was 20% at 20 N. However in the case for the loads of 40, 80 and 100 N, the coatings with the dimple area density of 7.5% show the maximum friction coefficient. The lowest friction coefficient was observed at a area density of 15%. However in the case for the loads of 20 and 40 N, the coatings with the 
Experimental Results

3-1. Friction coefficient of CNx coated material
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dimple area density of 25% show the minimum friction coefficient.
The friction coefficients were dependent upon the load and velocity at each area density of the dimple pattern material.
The coefficient of friction at a area density of 15% was shown to be the lowest at the low loads and low sliding velocities. However, a area density of 20% area density produced the lowest coefficient of friction at higher loads and velocities. The friction coefficient in the non-coated materials was 0.025-0.15 and the friction coefficient of the coated materials was between 0.002-0.02. These results show that the coated materials could reduce the friction coefficient by a factor of 7.5%.
These results also suggest that the CNx coating is effective in reducing the friction coefficient of materials that are in contact in terms of the load and velocity.
3-3. The stribeck curve between CNx coated and non-coated materials
Lubrication of idealized incompressible materials can be the context of specific modes as boundary, mixed and hydrodynamic. Classically, the relationship between the operating parameters (dynamix viscosity ç, sliding speed v and specific load WL) and the friction coefficient µ for dimple pattern surface can be displayed on a stribeck curve that defines the respective lubrication modes. Fig. 5 shows the stribeck curve between CNx coated dimple pattern materials and non-coated dimple materials. Uncoating material was higher friction coefficient value than coated material. For uncoated material, friction coefficient was increased as load increase. Uncoated pin was on mixed lubrication state because the friction coefficient was decreased as duty number increasing. But coated material was hydrodynamic lubrication because coefficient was increased while duty number increase. When area density increase 10% to 20%, the range of the coefficient of friction for uncoated material has increased depending on the load.
Conclusion
In this study, friction tests were conduted on a hexagonal array (steal bearing) that contained a 40µm dimple pattern with a CNx coating and on samples that did not contain a coating. The results were as follows:
1. As the velocity increased, the friction coefficient of carbon notride coated dimple pattern increased slowly within increase the load to 20 N from 100 N.
2. The lower area density area under the 7.5% friction coefficient was unstable, but increased the area density friction coefficient was stable until 20%.
3. As increased velocity and load, the friction coefficient of uncoated dimple pattern was decreased. But the friction coefficient of carbon nitride coated dimple pattern was very low and represented almost constant value.
4. Uncoated material was higher friction coefficient value than coated material in stribeck curve. Uncoated material was mixed lubrication but coated material was hydrodynamic lubrication regardless of the area density. 
